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Sunmary

A turnstile antenna with isotropic-like radiation coverage
was evaluated for use in an impact-measuring instrumented projectile.
e antenna comprises a pair of orthogonal loops fed in phase quadra-
re. The loops are resonated by series capacitors and are mounted
ut a shielded spherical core containing a telemetry transmitter
elerometer, battery, and a directional counier,

Y

Two types of prototype test models of the antenna were fabri-
cated to comply with the particular requirements of the radiation pat-
tern and antenna-inmpedance tests. The pattern-test models are seif-
contained units comprising two antenne loops supported about a CW oscil-
lator, a pair of baetteries and a 3-¢b directional coupler 211 enclosed
within the central core, The impedance-test models essentially comprise
a zinglte antenna lcop about a central cors, encapsuiated in an epoxy-
resin sphere., An antenna-feed ceble is available at the surface of the
encansulant spheve for performing impedance measurements.

Radiation patterns and impecance of the test models were
measured in free space and as the models approached, made contect with,
and were immersed in a bed of dry masonry-grade sand. These tests were
performed at approximateiy 250 Mhz, 350 Mhz, and 450 Mhz, the design
freguencies for each pair of models.

The free-space radiation patterns indicate a 4 db variation
of radiated power about the full direction spheve, The radiation pat-
terns of the test models Tocated near and submerged in the sand bed
were somewhat masked by reflections from the sand-bed environment,
These tests indicated that the minimum signal available in the sub-
merged condition can be expected to be of the order of 10 db below the
corresponding signal available in the free-space condition.

Impedance tests confirmed the calculations of the radiation
power factor of the 250 Mhz model. The measured antenne efficiency for
the 250 Mhz and 450 Mhz models are 12% and 34%, respectively: the
efficiency of the 350 Mhz model was not measured because cf a fault in
construction., The results of the measurements of the radiation resis-
tance and change of reactance of the 250 Mh2 model near and submerged
in the sand bed correspond with previcus thegretical predictions.
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A comparison of the crossed-loop antenna with a four-dipole

antenna in the form of a pair of turnstile radiators indicates the

crossed-loop antenna is inherently the least sensitive to changes of

dielectric constant of the environment encountered when in proximity
with soil-like media,
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Summary

A turnstile antenna with isotropic-like radiation coverage
was evaluated for use in an impact-measuring instrumented projectile.
The antenna comprises a pair of orthogonal loops fed inm phase guadra-
ture. The loops are resonated by series capacitors and are mounted
about a shielded spherical core containing a telemetry transmitter
accelerometer, battery, and a directional coupler.

Two types of prototype test models of the antenna were fabri-
cated to comply with the particular requirements of the radiation pat-
tern and antenna-impedance tests. The pattern-test models are seif-
contaired units comprising two antenna loops supported about a CW oscil-
tator, a pair of batteries and a 3-db directional coupler all enclosed
within the central core. The impedance-test models essentially comprise
a single antenna loop about & central core, encapsulated in an epoxy-
resin sphere. An antenna-feed cable is available at the surface of the
encapsulant sphere for performing impedance measurements.

Radiation ?atte%ns and impecance of the test models were
measured in freerépace and as the models approached, made contact with,
and were immersed in a bed of dry masonry-grade sand. These tests were
performed at approximately 250 Mhz, 350 Mhz, and 450 Mhz, the design
frequencies for each pair of models.

The free-space radiation patterns indicate a 4 db variation
of radiated power about the full direction sphere. The radiation pat-
terns of the test models located near and- submerged in the sand bed
were somewhat masked by reflections from the sand-bed environment.
These tests indicated that the minimum signal available in the sub-
merged condition can be expected to be of the order of 10 db below the
corresponding signal available in the free-space condition.

Impedance tests confirmed the calculations of the radiation
power factor of the 250 Mhz model. The measured antenna efficiency for
the 250 Mhz and 450 Mhz models are 12% and 34%, respectively: the
efficiency of the 350 Mhz model was not measured because of a fault in
constructicn. The results of the measurements of the radiation resis-
tance and change of reactance of the 250 Mhz model near and submerged
in the sand bed correspond with previous theoretical predictions.
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A comparison of the crossed-loop antenna with a four-dipole
antenna in the form of a pair of turnstile radiators indicates the
crossed-loop antenna is inherently the least sensitive to changes of

dielectric constant of the environment encountered when in proximity
with soil-1ike media.
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i. lIntroduction.

Some information regarding the physical properties of lunar
or planetary surfaces is required prior to spacecraft landings and
post-ianding explorations. A research program conducted at the
Langley Research Center of the National Aeronautics and Space Adminfs-
tration has shown that impact-measuring instrumented projectiles
{penetrometers) can be used to evaluate physical properties such as
surface hardness, penetrability and bearing strength.

A measurement technique has been devised by NASA whereby &
penetrometer, comprising a piezo~electric acceleration sensor, modula-
tor, FM transmitter, antenna, and battery power supply, impacts the
unknown surface at a selected velocity. During the impact process, the
transmitter is frequency modulated by the impact-acceleration sensor.
The modulated RF output from the transmitter is then radiated by the
antenna to a nearby space probe for retransmission to earth. Analysis
of the impact-acceleration time-history signatures is then accomplished
by a comparison with signatures of known terrestial surfaces, thereby
relating the similar physical characteristics,

An omnidirectional antenna mounted in a spherical! penetro-
meter package is required, since attitude stability or elaborate de-

ployment techniques are not feasible, and transmission is required
+

L7 ]

during impact regardless of penetrometer orientation. The antenna mu
operate reliably during a high-acceleration impact period and in vary-
ing proximity with or submersion in the surface material.

dheeler Laboratories was selected by NASA to develop, design
and fabricate a prototype omnidirectional antenna for the penetrometer.
The obiective of the initial phase of the contract was a general study
of the possible methods of achieving an emnidivrectional rantenna
system which conforms to the physical, electrical, and environmental
requirements of the penetrometer. As a result of this study, WL recom-
mended for the penetrometer application (WL Report 1291}, a turnstile-
mode antenna comprising a pair of crossed loops (magnetic dipoles) fed
in guadrature phase.

The objective of the next phase of the contract was the
development, fabrication and electrical-performance evaluation of pro-
totype test models of the recommended turnstiie-mode antenna; this

myrh
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report is the final report on this phase. The report presents a
description of the proposed penetrumeter antenna, a description of the
twe types of prototype test models of the antenna, a description of
the electrical tests performed of these prototype test models, and the
resuits of these tests.

The contract also required additional studies and tests of
a different type of antenna designed for a similar application. NASA
supplied drawings specifying the configuration of this particular
antenna. A prototype model was fabricated and tested at WL. A de-
scription of this antenna, the tests performed, and the test results
are presented in WL Report 1375,

i, Objectives of Progranm

Based on the prior general study and configuraticn sroposed
in WL Report 1291, a turnstile-mode antenna comprising a pair of
crossed loops was selected for intensive study and evaluation. The
requirements of this program are the development, fabrication and tests
of prototype test madels of the turnstile-mode crossed-loop antenna,
The objectives of the program are the evaluation of the antenna per-
formance in accordance with the specifications, and the confirmation
of the theoretical estimates of antenna detuning during approach and
immersion into a dielectric media in accordance with the esarlier WL
¢tudy. The detailed reguirements and objectives are outlined in the
NASA Statement of Work L-3833 for The S&vé?opmeak, Design and Fabrica-

tion of Prototype Omnidirectional Transmitter Antennas.

Two general types of tests are required to evaluate the per-
formance of the antenna; these are measurements of radiation patterns
and antenna impedance. Because of the widely different test objectives,
two types of prototype test models of the crossed-lcop antenna are
necessary. The configuration of each model is chosen to comply with
the particular requirements of the different tests.

To accurately measure the radiation pattern of this omni-
directional antenna, the RF signal source and associated battery power

supply, together with the directional coupler, must be contained within
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the central region of the antenna, With this arrangement, the measured
radiation pattern is that of a completely isclated crossed-loop antenna,
unperturbed by any feed or power cables.

Tests of the antenna impedance in the vicinity of a dielec-
tric-2ir interface are required to confirm the predictions given in WL
Report 1291. A complete crossed-loop antenna, as required for pattekn
tests, with a 3-db directional coupler as a feed circuit, is insensi-
tive to tests of antenna detuning because most of the reflected signal
does not appear at the input, but is dissipated in a termindtion on
the isclated port of the coupler instead. Therefore, for the impedance
tests, a test model comprising a single loop antenna fed by a coaxial
cable oriented along the antenna neutral axis is used.

The two types of test models described in the next section
were developed to operate at a single frequency within the freqguency
bands of 240 to 260 Mhz, 300 to 350 Mhz, and 430 to 460 Mhz, respec-
tively. A specific design configuration is necessary for each fre-
quency band because of the relatively narrow-band capabilities of the
small loop antenna. .

The major performance objectives of the prototype models
operating in free space are:

1. Antenna reflection less than 6 db SHR,

2. Radiation pattern with a maximum to minimum ratio less
than 4 db,

3. Antenna gain, averaged over the Spherical radiation pattern,
greater than -14 db, relative to dinole (4% efficiency),

4, Sufficient measurements of pattern and impedance character-
istics are also required to determine the antenna performance
as the antenna:

(a) approaches and makes contact with a level surface of
dry masonry-grade sand,

(b) approaches and immerses to a depth of at least one-half
wavelength in a bed of dry masonry-grade sand.
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IIT, Antenna Configuration,

A. Proposed Penetrometer Assembly.

The turnstile-mode crossed-loop antenna, as proposed in
WL Report 1291 for detailed evaluation, is shown in a cutaway view in
Fig. 1. At the center of the antenna assembly is a thin-walled spheri-
cal conducting shield or core, 2-3/4 inch diameter, intended to house
an acceleration sensor, freguency-modulated transmitter, battery and
directional coupler. (The design and packaging of these components is
not included in the WL development progrem.) Two coupling loops are
located on the surface of the core to couple the signal from the feed
components within the core to the anterna loops surrounding the core.
The two antenna loops, the radiating portions ¢f the assembly, are
located orthogonal to each other, in tﬁe pltanes of the coupling loops,
and concentric about the central core. The antenna loops, nominally
3-5/16 inches diameter, comprise four thirn conducting strips, aporoxi-
mately .007-inch thick by 3/4-inch wide, soldered to four metallized
dielectric-slab capacitors. The area and thickness of the capacitors
determine the series capacitance in the loop, and hence, the resonant
frequency of the antenna loocp.

A physical interference occurs at the overlap region of the
two.antenna loops because of hoth the cylindrical contour ot the joops
and the limited offset provided by the thickness of the capacitors.

To provide a clearance between the antenna loops, the loop width is
reduced at the overlap regions, as shown in Fig. 1. The two loops are
prevented from contacting where they overlap by a spacer of Tow di-
electric constant.

The whole assembly 1s encapsulated in a 4-inch diameter suoheve
of fiberglass-reinforced epoxy resin. The epoxy-resin encapsulant
technique was specified by NASA. [t provides a permanent support and
protection of the antenna components at impact. In operational models
of the penetrometer assemblies, removable leads are provided for a
battery trickle charge and transmitter turn-off bias during sheif
storage,

~ The RF-circuit diagram of the antenna and feed is shown i
Fig. 2(a). The transmitter ocutput is connected by & coaxial cable t¢o

-3
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Fig. 1 - Cutaway view of crossed-loop antenna assembly.
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a 3-db directional coupler. At the output ports of the coupler are
two equai-magnitude signals in phase guadrature. The isolated fourth
port of the coupler is terminated in a matched load.

Two equal lengths of coaxial cable connect the coupler out-
put ports to the outer surface of the central core at the locations of
the coupling loops. The outer conductors of the cables are bonded to
the metal core. The center conductor is shaped and bonded to the core
surface to form the coupling loop. The transmitter signals are thus
inductively coupled to the respective antenna loops.

The equivalent circuit of each antenna loop comprises series
inductance, the series capacitance of the tuning capacitors, radiation
resistance and dissipation resistance, as shown in Fig. 2(b). The
dissipation resistance accounts for the total dissipative loss in the
antenns 1o00p, central core, capacitors and epoxy-resin encapsulant.
Eguations to compute the values of the souivalent-circuit components
are presented in WL Report 1291, Section VII.

The resulting radiation pattern of this crossed-loop antenna
assembiy is omnidirectional, the dual of the turnstilie pattern result-
ing from two crossed electric dipoles fed in quadrature phase.

B. Radiation-Pattern Test Modeid.

A prototype test modei fabricated as described above is im-
nractical for radiation pattern measurements. For the pattern tests,
the batteries used to power the transmitter bDecome discharged after
long use and need to be replaced. Also, the frequency tuning contro)
on the test transmitter must be avaiiable for adjustment. Hence, for
purposes of the radiation-pattern tests, pattern-test models as shown
in Fig. 3 were constructed. These models radiate in the same manner
as a completely encapsulated antenna but permit replacement of batteries
and tuning of the transmitter.

The encapsulation of the pattern-test model is simulated by
two 3/16-inch thick hemispherical shells of fiberglass-reinforced epoxy
resin. The two antenna loops are supported sbout the central core by
5i%x nylon screws. Within the core are located two 8.4-volt mercury
batteries, a CW oscillator and a 3-db directional coupler. These
components are shown in Fig. 4. The battery-access cap is shown in
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Wheeler Laboratories, Inc.
Negative No.7356

Jig. 3 - Pattern-test model.
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Fig. 3 on the left portion of the core near one of the coupling loops.
C. Impedance-Test Model.

For the impedance tests, measurements of a model comprising
a pair of antenna loops with a 3-db guadrature-coupnler feed are insen-
sitive to detuning because the reflected signals from two antenna loops
tend to cancel at the iﬁput port of the coupler, For meaningful tegts
of the change of antenna impedance as the antenna approaches a dielec-
tric-air interface, impedance tests of a single antenna Joop should be
performed. In this manner, all of the signal reflected from the detuned
antenna iccp under test is available for comparison with the ipcident
signal. For this reason, an impedance-test model as shown in Fig. 5
was fabricated for the tests instead of the complete peretrometer
assembiy previcusly described. The impedance-test model comprises a
peir of orthogonal antenna loops mounted about a hollow spherical core.
Only one antenna loop is coupled to the external circuit: The second

antenra locp 1$ uncowled, but is in place, to provide the blocking of
the magnetic field as in the actual penetrometer assembly. The feed

cable from the coupling loop associated with the active antenna loop
emerges from the core at the neutral axis of the active antenna loop
through a hole in the core and finally through a hole in the non-

radiating antenna loop. A coaxial-cable connector is mounted at the
surface of the assembly, on the end of the copaxial cable.

Complete oncapsulation of the impedance-test wodel is neces-
sary to simulate the impedance and dissipative-loss characteristics of
each loop antenna. This is practical in this case because no active
devices are necessary. The entire assembly is therefore encapsulated
in the 4-inch diameter fiberglass-reinforced epoxy-resin sphere with
a particular formulation specified by NASA, and described in WL Report
1291 as Mixture #1. A photo of an encapsulated impedance-test model,
showing the coaxial connector at the surface, is presented in Fig. 6.

The materials used in the fabrication of these models are
of interest. The central core and the antenna-loop bands of this
pattern-test model are brass. The series capacitors in the antenna
loops fabricated in the prior study phase were alumina. For the tests
ptanned for this second phase, fuzed silica was selected to achieve a
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smaller variation of capacitarce witn temperature. 1t was found that

soldering the brass bands to the broad faces of the fuzed silica capaci-

tors to form the antenna loo

vs was difficult.  The soldering procedure
was successful but the resulting bond was considered too fragile to
withstand the severe mechanical requivements of the penetrometer oro-
gram,

The capacitors in the test wodels described in this report
are «wopver-clad Rexolite 1427 This pateriai was chosen as a useful
expedient since the contract schedulie did not pernit the delivery time
required for substituting alumina. The Rexolite 1422 has slightly mare
dielectric loss than either 2lumina or fuzes silica, and has a lower
maximum working temperature. The mascinmum weorking ternerature is high
encugh, however, to withstand the fepserature gener.ied by the exothar-
mic setting process of the enuxy res »

Stight tuning of the resorant frecusncy ot the aantenna loops
was accompliished by trimming the cooper cladding fyom the capacitors.
For the pattern-test models, the lcon capacitors wore adjusted for
equal resonance of the loop antennas noar mid-barc. Thena, with both
loops assembled about the cores, both the conteur of 2ach 100p about the
core and the transmitter frecuency were adjvsied fou as rearily soual
radiation properties as possible.  For the impedanc: Lest modeis, the
canacitors and the coupling Ts0ps were adjusved bsiare encapsutation

to compensate for the detunicrg effect of the zacapsolant

Iv. Antenna Radiatiogn-Pattern Measurecuent.

The mission plan of the genetromeier stem snacifies con-
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tinuous radio contact between the penctirometer

o

embly and the space-

(34
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craft from which it is launched, for the compo s Lime interval from

Taunch until the end of the impact process. lence, it i< of interest
to determine the full sphericsl radiation pettarn of the penetrometer
antenna located in fres space and the nemisryaerical radiation patterns
of the penetrometer antenna eporoaching, makirg contact with, and im-
mersing in a dielectiric media. For tne tests of the antenna near a
dielectric-air interface, the pattern measuremants inciude the effect
of antenna detuning by the adgiacent dislectric, and veflection and
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